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DECISION-MAKING SYSTEM BASED ON VOICE-EMOTIONAL
COMANDS FOR EMERGENCY INTERVENTION

Abstract: Development of new technologies, which are oriented to audio
signal processing, has also launched new directions in the use thereof in various
spheres of science and engineering. A very important sphere may be considered
the Human-Robot interaction aimed to generate orders-fulfilment or to realize a
question-answer dialog. Human voice is regarded as unique characteristics,
which may serve as personal or emotional identification of human being. Hence,
such characteristics are used in this thesis to generate the decision, which is based
on voice and emotional orders, aiming to interfere in emergency cases, in the
course of the technological process of complex robotized systems operation.

Keywords: Decision-Making, Robotic System, Voice-Emotions Commands,
Voice Recognition, Exceptional Circumstances, Emergency Intervention,
Distributed Computing, Human-Machine Interface.
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Introduction

The importance of voice processing is obvious, since it not only transmits the
information or a message, but also provides extra information about the gender
and voice of the speaker, his/her identity and emotional state. When classifying
the emotional state of a speaker, there may be identified, as well, his/her various
activities. Besides this, the speaker’s emotional state, which was identified in the
course of speaking, may serve as a condition for taking the decisions realized by
various robotized or control systems.

Assigning a sufficient level of Artificial Intelligence to the automated and
robotized systems becomes possible through realization of a Human-Machine
dialogue, which would ensure the exchange of such information, which is useful
for both parties engaged in the communication process. Hence, there becomes
possible to realize the supervision, which is based on voice and emotional orders.
As soon as the robotized systems and information technologies developed, there
also evolved new techniques and models of Human-Machine (Human-Robot)
interaction, which are based on Artificial Intelligence [1]. Such a tendency is also
mentioned in the Strategy called Industry 4.0 [2, 3], which is expected to be
realized via development of intelligent enterprises, integration of 10T and IloT
services [4] and physical cybernetic systems, and digital transformation [5].

The sources of the sound base of Human-Machine communication process
comprise acquisition, processing and recognition of speech, which have such
functions as transforming sound waves in a set of information comprising figures,
letters, words, propositions and characteristic parameters thereof [6,7]. The
examples of such kinds of systems, which are based on Human-Machine voice
interaction, are provided in the theses [8,9] describing such systems that ensure the
team with electronic, electric or robotic devices, as based on voice orders, to be
used in different spheres.

Synthesis of the Decision-Making System Architecture

The problem of automated recognition of emotions in speech is
multidisciplinary one and it is also very relevant, because it provides the
perspectives for its application in various spheres of science, engineering, cyber
security, access control and security of robotic systems, aimed to protect the health
and life of human beings.

The most important of all above spheres is the use of automated recognition of
emotions in speech for the purpose of protection of the health and life of those
human beings, who are engaged in the technological process of robotized systems
comprising moving mechanisms or energized devices (robotized assembly lines,
conveyor lines for item assembly and classification, mobile robots, and so on)
(Figure 1).

70



Voice Voice Voice Voice
Commands Commands Commands

A%ﬁ%ﬁ Worker % WorkerARM3 {E:?

Figure 1. Example of Robotic Technological Process.

The robotized technological process comprises the following components: set
of robotic arms ARM, - ARM,, that carry on the assembling operations in conformity
with the technological process; set of PLCs PLC, -PLC, that manage the activities
of ARM robotic arms; worker set of workers, who are engaged in the technological
process and who finish the operations, which were not done by the set of ARM
robots; set of emotional speech recognition devices DVER -DVER,, Which a
microphone is connected to MK, - MK, , to acquire Sound waves that are generated
by the set of workers; ILAN industrial network that is aimed to arrange the data
exchange amongst the system components ( PLC, - PLC,, and DVER, - DVER, ).

The way of operation of the decision-making system, which is based on voice-
emotional orders, is the following: in case of emergencies, the workers, who are
engaged in the technological process, generate sound waves that are received by
DVER emotional speech recognition devices. A DVER device, which will identify
a specific order from the list of orders, will generate a pack comprising the order
to stop the technological process, and will send it to ILAN network. Each PLC
receives a pack with an order from ILAN network. Then, relying on the
technological process stopping algorithm, it fulfils such an order. Hence, there are
reduced severe accidents that may occur in the course of robotized technological
processes.

Developing of the Decision-Making Model

This thesis provides the results of study of a technique of application of
automated emotional speech recognition, aimed to protect the health and life of
those human beings, who are engaged in the robotized technological processes.

The robotized technological process may be defined as RrRTP={P,i=12,.,N},

where P is the set of stages (phases) of the robotized technological process. Each
P stage is characterized by the expression P={x,D.U;,H]}, Where:
X, ={x,,i=12...M} is the vector of state of P, stage; D,={d,;,j=12..M} is the vector

of interference into P, stage; H,={h; j=12..M} is the vector of decision-making

models, which identifies a danger (hazard) for the human health or life, which
arises in the course of P, stage.
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The general model of a robotized technological process is defined by the
following expressions:

N

x=Ux).(x)#2;

i=1

LN

i=1

The functionality of rTp robotized technological process is determined by u
actions, which are deducted from the expression: D:X, —U,. In case of

emergencies, which present danger for the human health or life, the decision is
taken as based on the expression: H,:x, —»u:, which will switch the robotized
technological process to the increased security regime, even till the stoppage of the
robotized technological process.

The objectives of the research, which was carried on within this thesis, is
development of H decision-making models that are launched by human vocal and
emotional speech, thus ensuring the switching of the robotized technological
process to the increased security regime, based on actions with us vector.

Emotional speech recognition devices (Figure 1) are homogenous functional
modules, and they are distributed in the area of activity of those workers, who are
engaged in the robotized technological process. The functions of such devices are:
acquisition of the worker-generated sound, sound filtering and pre-processing in
order to obtain the numeric data sequence, data memorizing and comparison
thereof with the knowledge base that provides pre-defined emotional word
patterns. As a consequence of such activities, there are generated the orders for
interference into the robotized technological process, aiming to switching into the
increased security regime. The chart of the emotional speech recognition device
and generation of orders for interference in case of emergencies is presented in
Figure 2.

Sound‘ ) \/
& b d’s
' — [ ApcL
dt 1
Worker % s(t) ks(t) Data
X DatalS] Processing
BPF
ds
— | Abc2 —T v
dt H(t) Decision

{H(®}
Figure 2. Diagram of the device for recognizing emotional speech.

i

The chart of an emotional speech recognition device comprises the following
functional units: mk microphone perceiving sound waves, which are generated by
a worker. Brpr band-pass filter that excludes low frequencies, which are generated
by the activities of the robotized technological process, and high frequencies,
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which are generated by the environment. A result of the filtering operation is s(t)
signal, with am amplifier of st sound signal, with k amplification factor. As a
consequence of such amplification, we will get kst) signal. There is also ds/dt
differentiation unit that calculates the speed of variation of the sound, which was
received from mk microphone. There is also d2s/dt> double differentiation unit that
calculates the acceleration of the sound, which was received from K
microphone. There are also two ADC1 and ADc2 analogue-digital converters that
transform analogous signals into numeric approximation codes. There iS Data[s]
memory for saving the results of analogue-digital conversion of the variation
speed and acceleration of the signal, which was received from wmk microphone.
There is Data Processing data processing unit that processes and compares the data

sequence from patafs] memory with the standard pattern of emotional words,
which are kept in knowledge knowledge base. There is Decision {H ()} decision-making

unit that generates an order for interference into the operation of the robotized
technological process, aiming to switching to the increased security regime or to
stopping it in conformity with the stopping algorithm. There is also com
communication environment, which is realized on the basis of ILAN industrial
network.

Aiming to implement an emotional speech recognition device, there was
chosen Single-Board Computer Raspberry Pi 3B+ providing any and all required
resources for system development [10].
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XO/THEBHUY A.B., CTE®@AHHUIIIHH JI.B.
ITTIIT HARY (Ykpaina),

ITPO HIATOTOBKY JAHUX AJI51 KOPEKTHOI'O HABYAHHSI
IITYYHOI HEUPOHHOI MEPEXKI ITPU PO3B’SI3AHHI 3AJIAUI
OBYUCJIEHHA KOEDINIEHTA IIOPCTKOCTI HIE3I

Pozenanymo  3adauy ynopsaoxysanuws ma nob6y0o6u 3a2anbHUX Npasull
GDOpMYBaAHH HABYANLHUX | MECMOBUX BUOIPOK OAHUX OJisl HABUAHHS ULMYYHUX
HEUPOHHUX Mepedc, AKI po3pooNsitomucs 0N 00YUCHeHHs  Koeghiyienma
wopcmrkocmi Llle3i 3 epaxysanHsM napamempuyHoi He8UIHAYEeHOCMI OAHUX NpPO
2i0pomopghonociuni xapakmepucmuxy, wo 6UsHAYarms 2i0pasiidHuLl Onip y
pyeaax pivok. JocniodcenHs UKOHAHO HA NPUKIAOL WMYYHOI HEUpPOHHOT Mepedici
NPAMO20 NOWUPEHHS 3 OOHUM NPUXOBAHUM WAPOM MA CUSMONOOIOHO0
Jpocicmuynoilo  @yuxyicto axkmueayii. Hasuanus mepedici 30ilCHI08ANOCA HA
peanvHux 2i0pomMop@honociuHuUx OaHUX 3ad OO0NOMO20I0 Memoody 360POMHO20
NOWUPEHHS NOMUTIKU.

Orasx npodaemn. Koedimient moperkocri Ilesi ¢ (MY%/c) € oxmmiero 3
IHTErpajJbHUX EMIIIPUYHUX XAPAKTEPUCTUK, IO BUPAXKAIOTh TIIPaBIIYHUNA OIip
BIIKDUTUM TOTOKaM y pyciax pidok [1]. Ll xapakTepucTuka BUKOPUCTOBYETHCA
Py MaTEMAaTUYHOMY MOJIEIIOBAHHI T€Uiil 3 BUIbHOIO TOBEPXHEIO HA OCHOBI OJIHO-
Ta JBOBUMIPHHUX MOJENeN «MUIKOi Boau» (piBHsAHHS CeH-BeHaHa), 1m0 3HalnUIM
CBOE 3aCTOCYBAHHS MPHU BHPIIICHHI YUCICHHUX MNPUKIATHUX 3a7ad PYCIOBOI
riApaBIiKU, MOJIETIOBAHHS MOIIUPEHHS XBUJIb IPOPUBY Ipedeib, MABOJKIB, PYyXy
CeJIEBUX Ta MIPOKIACTUYHUX TIOTOKIB, TPAHCIOPTYBAHHA 3a0pyTHIOIOYNX
PEYOBUH, MOJCIIOBAaHHS BEJIMKOMACHITAOHUX aTMOC(EpPHUX, MOPCHKHX 1
OKeaHChbKuX Teuid Tomo [2]. 30kpema, i BUKOPHCTOBYIOTh B MOMYJISPHIA
obuncmoBanpHid cuctemi HEC-RAS [3], ska miaTpumye po3paxyHKH MpOQLIIO
BOJHOI IOBEPXHI YCTAJIEHOTO Ta HEYCTAJICHOro IOTOKIB, MEPEHOCY HAHOCIB,
aHaJi3y SKOCTI BOJIU TOIIO.
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